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RESEARCH MEMORAKDUM 

An investigation  of  the  pressure  distribution  over a leading-dge 
f l ap  was conducted in the Langley l9"foot  pressure  tunnel. The tests were 
made on 4 2 O  and 52' sweptback  wings of NACA 641-112 sections,  the 4 2 O  wing 
being used i n  canjunction with a circular  cros-ection fuselage i n  a 
hig-ng conibinatim. The pressure4is t r ibu t ion  h t a  for the  52O ewept- 
back wing were obtained a t  v ious anglee of  attack and angles of yaw f o r  
a Reynolds n&er of 4.4 X 10 3 and a Mach number of 0.08, f o r   b o t h   s p l i t  
flaps  deflected and neutral  configurations with  upper-surface  fences 
inetalled. The 42' sweptback wing wae tes ted a t  zero yaw for vsrloue 
angles of attack a t  a Reynolds number of 5.12 X 106 and a Mach  nurdber 
of 0.11 with  spl i t   f laps   def lected.  

The pressure-diatribution meaeuremants over the leadlngwdge  flap 
indicated that the r a t e  of  Fncrease  of the f l ap  normal-force coeffi- 
c ient  %f with lift coefficient w a s  nearly constant f o r  the cmditione 
tested, but  the hing-ment coofficlent C+ increased  with l i f t  coeffi- 

c ient  a t  an increasing rate. The maximum value6 of  and  ch 
obtained at zero yaw with  the  spli t   f laps  deflected were.3.24 and 1.62, 
respectivehy,  for  the 42O sweptback w i n g ,  and 3.12 and 1.68, respectively, 
for the 72 sweptback wing.' The maximum value8 of % and C 

l m e r  when the s p l i t   f l a p s  were neutral. Yawing the 52O sweptback wing 
Increased the maxlmum values of %f and C% on the  leading wing panel 
and caused a decrease  for   tho  t ra i l ing wing panel.' 

f f 

f hf were 

INTRODUCTION 

Experimental  inveetigations  such a8 references 1 and 2 have shown 
that extensible 1eading"edge f laps  can  increase  the maximum lift and 
improve the   s tab i l i ty   charac te r i s t ics  of  sweptback w i n g s .  Pract ical  
application of such f laps  on any a i r c r a f t  would require some knowledge 
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of the magnitudes of the aerodynamic forces on the  f laps.  Pressure- 
distribution measurements were therefore made over a leading-edge  flag 
on two xings  of 4Z0 and 52’ sweepback. The 42’ sweptback wing had 
NACA 641-U a i r f o i l  sectrLon8 normal to   t he  0.213 c h o d l i n e  and the 
52O sweptback wing  had the .sap?R aectlona normal. to the. 0.282 chord l ine.  ’ 

(The 0.273- and 0.282 chord line6 correspond to   t he  0.25 chord l i n e  of a 
similar wing panel which ha8 zero sweep a t  the 0.25 chord l ine . )  Both 
wings had taper   ra t ios  of 0.625 but-  differed Fn aspect  ratio,  the 42’ wing 
having an aspect ratio: of 4.01 and the 52’ wing an Fspect- r a t i o  
of 2.88. In  addition to-81owing the  effkct of yaw on the  leading+dge. .. 

f lap  loads, the results a t  various yaw angles might be used i n   t he  
prediction of leadingkdge  f lap loads on w i n g s  of different sweepback. 
The original  data  obtained on the  42O swept wing, ,previously  published 
in  reference- 3, have aleo been included in   t h i s   r epor t - fo r  purposes of 
comparison. .. 

C O r n I C r n S  AND SYMBQS 

a 

cnf 

c 
hf 

C‘ 
hf 

angle .of attack  of-wing  chord  line measured i n  a plane 
parallel   to  the  plane of  symmetry 

sweep angle of wing leading edge 

angle of yaw, positive when r igh t  wing is back 

lift coefficient  (Lift/qS) . .  . . .  . 

drag coefficient (~lrag/qs) 

pitch~ng”_mom;ent.coefficient referred-to  quarter-chord 
point of mean aerodynamic chord (Moment/qSE) 

aeation hinge-molllent coefficient of leading-dge flap 

about t r a i l i n g  edge of f l a p  (1. $ d(6))  

hlnge-moment coefficient 
. .  - .. . 

about. . trall ing cdge of flap 

I 

.. . . 
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c.p. 

R 

S 

Q 
- 
C 

C' 

P 

P 

PO 

Yf 

bf 

f 

Cf 

center of pressure  of  leading-edge  flap in percent of 
flap  chord  measured from leading edge of 

flap kk - z)) 
Reynolds number (based on wing mean aerodpamic chord) 

wing area 
I 

wing mean aerodynamic  chord 

wing  chord normal to 0.27 chord  line of 42' wing and 
0.282 chord  line of 52 a wing 

local  etatic  pressure 

preeeure coefficient 

free-etream etatic  pressure 

distance  meaeured along Span of leading-edge  flap f r o m  
inboard end 

span  of leadinvdge flap 

distance  measured  along  leading+dge-flap  chord f r o m  
trailing edge of  flap  (perpendicular to leading edge 
of flap) 

leadiw-edge-flap  chord measured perpendicular to flap 
leading  edge. 

3 

The models  used in the  present  teete  had  been  previously used in 
the  investigations  reported in references 1 and 2, in  which  they axe 
described  in  detail.  Figure 1 shows  the  location of the  leading-edge 
flaps on each  of  the modela and a lso  the  geometric  parameters  of  the 
models. The 42O sweptback  wing  had MACA 641-112 airfoil  sections  normal 
to  the 0.273 chord  line, and the 52O wing had the same sections  normal 
to the 0.282 chord l ine .  (The 0.273 and 0.282.chord  lines  correspond 
to the 0.25 chord  line  of a similar  wing panel which has zero  sweep at 
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the 0.25 chord l i ne  = )  The 42' wing had an sspect   ra t io  of 4.01 and the 
7.2' wing, 2.88. Both wings bad taper   ra t ios  of 0.625. The 4 2 O  wing wae 
tes ted  with  halfapan  spl i t   f laps  and in conibi&tion with a circular  
cros84ection  fumlage of fineness r a t i o  10 t o  1. The 52' sweptback wing 
d also  tested  with half-sWn s p l i t   f l a p s  and an upper-surface  fence, 
which made the wing longitudinally  etable. The fence was located 45 per- 
cent of the eemierpan f i o m t h e  plane of eymmetry, had a canatant  height 
of 6 percent  of  the  local  airfoil  chord, and  extended  over  the rear 95 per- 
cent of the  chord. The same leading+Qe f laps  were used on both 
models with  equal  deflecticm . m e a  of 50' from the w i n g  chord  plane  being 
maintained. The geometry of the f laps  and the  location of the orifices,  
which were on the  right-hand  flap only, a r e  given in   f igure  2. Figure 3 
e h m  hhotograpm  of  the 42O and 32' sweptback wings In the LEtngley 19-foot 
pressure  tunnel. 

TESTS 

The t e s t e  were d e  in the Langley 1g"foot pressure tunnel  with the 
a f r  compressed t o  approximately 33 pounde per square inch absolute. The 
f l ap  preesures were recorded  photographically from a multiple-tube manometer. 
The 52O sweptback wing was Funted  an. the single-sup o r t  system,  and 
the  data were obtained a t  yaw angles of  loo, Oo, -10 , and -20° a t  
vmioua  angles of at tack  for   the  , spl i t   f lape both deflected and neutral. 
The  42' sweptback wing vas mounted on a two-eupport 8ystem and w a s  tested 
i n .  conjunction  with a fueelage, forming a high-wing  combinatian. The 
f l ap  pressure data were obtained a t  zero yaw for  various angle8 of  attack 
fo r  the eplit-flaps-deflected  configuration only. 

g 

The pr s~u1'e. data for the 52' wing were obtained a t  a Reynold8 number 
of 4.4 x.10 with a corresponding Mach  nuniber of 0.08, d the tests an 
the  eo wing were made at a Regnolde nizmber of 5.  I 2  X 1 3 with 8 come- 
sponding Mach  number of-0.14, 

8 

The force data presented w e r e  obtained  with all c m e c t o r  tubing 
removed. The usual wind-tunnel corrections  (the same as in references 1 
and 2 )  were applied. 

The l i f t ,  drag, and pitching-moment-chacteristics of both  the 
4 2 O  and 5 2 O .  eweptback wings m e  presented in   f igure 4. The chordwise 
pressure distributions-for each o f  the  f ive spanwise s ta t ions along the 
leading-edge f l ap  ere given. i n  figure 5 for .the 42' eweptback wing and 
i n  f i v e s  6 and 7 f o r  the 2' sweptback wing. The dotted  portion8 of 
some of the  curves of f igure 5 w e  interpolations.baeed on the existing 
data, 88 no data were obtained fo r  the lower  surface  of  the  flap at those 
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sections. Pressure coefficients obtajlled along the lower surface were 
faired  point t o  point and no attempt to  reach  stagnation pressure was 
made since  the  effect  011 the  force  coefficient would be  negligible. 

Figures 5 t o  7 5g.w thatoat  the  lowest angleB of attack  the f l a p  
loads f o r  both  the 42 and 52 eweptback w i n g s  were small and were  concm- 
t ra ted new the t r a i l i n g  edge of the flap. A.8 the angle of attack was 
increamd, l u g e  negative preseure peaks developed at the leading edge 
of the  f laps,  accompanied by a forward movement in the  center of preasure. 
A maximum value of negative  pressure  coefficient measured w a ~  -10.75 for  
the 52' sweptback wing at the 72-percent f lap  span statim (measured 
outboard f r o m  the  inboard end of the   f lap)  a t  an angle of attack of 25.2O 
and zero yaw with  the  spl i t  f h p 8  deflected. It i S  believed that the 
fence would not  appreciably  affect t h e  preseures on the leadlng-edge flap. 
It is also believed that the pressure dist r ibut ion over the fuselage on 
the 42' sweptback wing has a negligible  effect  an the pressures  over  the 
leading-edge  flap  since  the model WSB tes ted st zero yaw. 

The spanwise variations  ofothe f lap  normal-force and hinge+noment 
coefficients  for the 42 and 52 sweptback wings are  presented in figures 8 
t o  10. The supporting member8 of a f l ap   a r e  usually designed for the 
maximum load obtainable on the flap, and, therefore,  the span-load distri- 
butian  in  the  higher  aqle-of-9ttack  range w i l l  be of most interest .  

uted  over  the  flap and that the maximum loading w a s  near the center of 
the  flap, being sh i f ted   s l igh t ly  toward the Fnboard end by negative yaw 
(which ten&  to  decrease the sweep angle)  and  toward the  outboard  side 
for positive yaw. The spanwise center of loading w a s  determined for   the 
configurations at zero yaw and was found t o  vaxy from about 45 percent 
of the   f lap Span at low ELngles of attack to about 50 percent Fn the  high 
anglmf-a t tack  range. 

1 Figwes 8 t o  10 indicate that the loading was, in general, w e l l  distrib- 

The n o d - f o r c e  and hinge-naamant coefficients of the leading-edge 
f l a p  axe presented as Functions of the lift coefficient in figure 11. 
The lift coefficients f o r  the  r ight  wing panel of the 52' sweptback w i n g  

i were estimated f o r  varioue angles of yaw f r o m  the  following  empirical 
re la t iomhip;  

T h i s  relationship gave satisfactory agreement when wed t o  check values 
of lift coefficient  obtained from pressure-di~tr ibut ion measurements of 
a 45O sweptback wing a t  various angles of yaw (reference 4 )  and was can- 

' sidered  sufficiently  accurate (See f ig .  12) f o r  presenting the  f lap  load data. 
Figure 11 show6 that in  general   the   ra te  of increase of the normal- 

force  coefficient w i t h  lift coefficient wa6  nearly constant for the 
conditione  tested. 



6 NACA RM No. LgAl8 

The figure also ,shows that the hinge-momt  coefficient-  increased  with 
lift coefficient  but at &11 increasing rate. The hinge-moment c m e s  were 
nearly  parallel ,  however, for  identical  trailing-edge-flap  configuratiom. 
In  general,  deflecting  the  split  flaps  resulted in a marked decrease in 
the leading-edge f l ap  normal-force. end hinge-momant. coefficients at canetant 
lift coefficient.   Since  the  spli t   f laps were of  paztial-span,  the lift at  
the  inboard end of  the wing would be increased, whereas the  outboard half 
would be carrying a smaller load,  thereby  reducing the l e a d i w d g e  flap 
loade. The Inboard end of the leading-edge f l ap  may a l e 0  be affected by 
the change in chordGise  pressure  dietributian, due to   the   ep l i t   f l ap .  

For any given lift coefficient,  the  value6 of the nomml-force and 
hingg-moment coefficients varied oansiderably w i t h  sweepback and yaw. 
Figure 11 shorn that an increase of about 0.30 and 0.32 occurred  for CR 
and chfJ  respectively, f o r  an increme In sweepback f r o m  42O t o  52'. 
The coefficients CNf "d Chf a l s o  increased  with angle of yaw, for  
constant l i f t  coefficient, i n  the. range of yaw angles from V = 40' 
t o  @ = loo, so that- the incremental  increase  for each 10' of yaw w a a  
greater. . .. . .  . .  

. - .i 

. .  
. 

The effects due t o  yaw or  weepback  can be explained  quih---readily 
when it is realized that the forces cm the f l ap  and the l i f t  of the w i n g  

I m e  proporti.aml  to  the. dynamlc preesure normal to  the  leading edge. The 
rate of increase of the  f lap n o m  force wi th  l i f t  coefficient would, 
therefore, be ccmetant,  reg8,rdlees' of the sweep angle if-all secondary 
effects, such 88 croe8 flow over the WFng, are neglected. However, the 
curve8 showing the variation of the flap normal force  with lift would be 
displaced by an 8moW.t depending on the sweep &@e. The f l a p  was 
deflected dam 30°, and a negative  force  proporti& to the dynamic 
pressure normal to  the  leading edge acted upon it when the wing was at  
zero l i f t .  Since  the angle of attack  for  zero lift is unaffected by aweep, 
the   in i t ia l   force  at zero l i f t  would be changed by varying the sweep angle. 

The meximum values -0 the norm&I"force and hinge-momant coeffi- 
c ients  obtained on the 52 w i n g  vmled with angle of yaw and trailiw- 
edge"flap deflection. . F i e e  13 e h m  that the 111&~irmlm value8 of 0, f 
and C+ a t  zero yaw were about 3.12 and 1.68, respectively,  for  the 
split-flaps-deflectBd  conffguration and t%t a decrease of about 0.65 
i n  %f and 0.30 I n  C+ occurred fo r  10 of yaw. For the negative 

yaw anglee, an increase of approximately 0.34 in cff and 0.05 i n  chf 
occurred  for 4 O 0  of yaw. At a l l  angles of  yaw, the maxim valuea 
of Cmf and chf werG"l0Wer when the s p l i t  f h p e  were neutral, 

% 

. : . - 

f 

.. . . 

when the 52O sweptback wing wa8 yawed -10 , the  angle of sweepback 
of the  r ight  wing panel w a s  equal to   the  sweepback of the 42' sweptback 
wing at zero yaw. morn figure 11 it can be seem that t h e   c m e B  of C, 
and Chf against 0, f o r  the two conditions axe i n  fairly good agreement 

0 

f 
. . " . . - . . . . . . . . . . . . . . . . . .. 
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when the  differences  in  the two  model configurations  are  considered. 
If the data for   the  42' wing had been obtained  without a fuselage, it is 
expected that the agreement would be  better,  since  the lift coefficients 
would be  increased. The maximum values  of %f and C h  f o r  the Go wing 
were 3.24 and  1.62, which were about  equal to   the  values   for   the 52O wing 
a t  -loo yaw. 

The maximum load on a s imilar   f lap on any exeptback wing could 
probably  be  estimated f r o m  the data contained  herein. However, particular 
attention  should  be  given t o  any devices,  such as trailfng+dge  flaps, 
which affect the spawiee loading of the wing and a l s o  to   the   o r ig ina l  
deflection  angle of the  f lap  (with  respect   to   the wing chord line), the  
effect  of which w a s  not  isolated in this report. 

An investigation of the  pegsure digtributian over an extended 
leading-edge f lap an wing8 of 42 and 52 sweepback indicated that: 

1. The r a t e  of increme of the normal-force coefficient C$qf with 
lift coefficient w a s  nearly  constant  for  the  conditions  tested,  but  the 
hinge-moment coefficient chf increased with lift coefficient a t  an 
increasing rate. 

2. The maximum values of %f and Chf obtained a t  'zero yaw with 
the   sp l i t   f l aps   def lec ted  were 3.24 and 1.62, respectively,  for  the 
4 2 O  sweptback wing, and 3.12 and 1.68, respectively,  for  the 5 2 O  sweptback 
wing. 

3. The maximum values  of  the normal"force  and hing-ment coeffi- 
c ients   for   the lead-dge f l a p  were lower when t h e   s p l i t   f l a p s  were 
neutral. 

3 4. Yawing the 5 2 O  sweptback wing increased  the maximum values of 
Qf 

and ch on the  leading wing panel and caused a decrease  for  the  trail ing wing 
panel. f 

Langley  Aeronautical  Laboratory 
National Advieory C o d t t e e   f o r  Aeronautics 

Langley A i r  Force Base, Va. 
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(a) 42O sweptback wing. 

(b) 52' sweptback wing. 
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